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Abstract. New genetic, bioacoustic and morphological data on green-coloured Boophis treefrogs from eastern Madagascar 
reveal an additional level of cryptic diversity in these frogs. Two candidate species, Boophis sp. Ca36 and Ca37, are closely 
related to each other and to B. sandrae, with uncorrected pairwise distances in the mitochondrial 16S rRNA gene as low as 
2.2% between some individuals. However, the three lineages show full concordance between differentiation in the 16S and 
the nuclear-encoded SACS gene, despite confirmed syntopy of B. sandrae and B. sp. Ca37 in the Ranomafana region, and 
probable syntopy of B. sp. Ca36 and B. sp. Ca37 in the Andasibe region. Most likely, these lineages are also divergent in ad- 
vertisement calls, but the available recordings cannot be reliably assigned to either of them. Based on new material collected 
from various new sites, we here formally name B. sp. Ca36 as new species B. asquithi sp. n., and suggest targeted fieldwork on 
calls and larval stages to allow for a complete and fully conclusive taxonomic revision of this species complex. The example 
of these frogs illustrates how continued underestimation of cryptic diversity in anurans can lead to incorrect assignment of 
specimens, and leads us to emphasize the importance of designating as name-bearing types (holotypes) of anurans only in- 
dividuals whose identity is unambiguous by genetic data or, at least, call recordings reliably assignable to the type specimen. 
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Introduction 


Within the species-rich anuran family Mantellidae, en- 
demic to Madagascar and Mayotte Island (Comoros archi- 
pelago), Boophis treefrogs make up the most species-rich 
genus, with currently 79 species (GLAW et al. 2019, Am- 
phibiaWeb 2021). Boophis have been among the first an- 
uran groups from Madagascar in which a remarkable 
amount of cryptic diversity was observed, starting with the 
pioneering works of BLOMMERS-SCHLOSSER (1979). 
Because many Boophis are rather vocal species that in 
most cases differ distinctly in their advertisement calls, 
early studies regularly identified — and scientifically named 
- new species that differed bioacoustically but were mor- 


phologically almost indistinguishable (e.g., ANDREONE 
1993, GLAW & VENCES 1992, 1994). This trend has been 
particularly obvious in the Boophis luteus species group, 
a clade of predominantly green-coloured species differing 
in calls and often in iris coloration, and whose colour rap- 
idly fades into a homogeneous beige-yellow in preserva- 
tive. While BLOMMERS-SCHLOSSER & BLANC (1991) recog- 
nized only one single species, B. luteus, the B. luteus group 
plus its split sister clade, the B. albipunctatus group (GLAW 
& VENCES 2006, WOLLENBERG et al. 2011, HUTTER et al. 
2018), today contain 18 species. Apart from their size differ- 
ences all these species are almost impossible to distinguish 
morphologically after some time of preservation in etha- 
nol. The B. luteus species group as currently understood 
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(GLAW & VENCES 2006) contains ten species: B. andohahe- 
la, B. andreonei, B. anjanaharibeensis, B. elenae, B. englaen- 
deri, B. jaegeri, B. luteus, B. sandrae, B. septentrionalis, and 
B. tampoka. 

After the description of Boophis elenae by ANDREONE 
(1993) from Vohiparara, a village near Ranomafana Na- 
tional Park in the Southern Central East of Madagascar, it 
soon became clear that the assemblage of green-coloured 
and relatively large-sized Boophis in this region required 
further revision. In fact, at least one specimen depicted in 
ANDREONE (1993), the female paratype MRSN A71.2 from 
Ambatolahy, showed chromatic characters, in particular a 
non-striped iris coloration, that led GLAW et al. (2010) to 
assume that it belongs to a species different from B. ele- 
nae. Subsequently, RAHARIVOLOLONIAINA et al. (2006) 
described tadpoles from Andasibe (in the Northern Cen- 
tral East) assigned to this species complex, Vences et al. 
(2006) published call recordings and GLAW & VENCES 
(2007) photographs of frogs from Ranomafana that dif- 
fered from those of B. elenae. VIEITES et al. (2009), based 
on substantial divergences in the mitochondrial 16S rRNA 
gene, defined three candidate species. One of these candi- 
date species, Boophis sp. 22 (sensu VIEITES et al. 2009) from 
Ranomafana, was later scientifically named and described 
as Boophis sandrae by GLAW et al. (2010). The other two 
lineages identified by VIEITEs et al. (2009) were defined as 
unconfirmed candidate species B. sp. 36 from Andasibe, 
and B. sp. 37 from Andasibe and Ranomafana, respectively. 
These lineages will be named B. sp. Ca36 and B. sp. Ca37 
according to the convention of PERL et al. (2014), in the 
following. 

Clarifying the taxonomy of this assemblage of frogs has 
proven to be particularly challenging. Despite Andasibe 
and Ranomafana being among the best-studied rainforest 
sites in Madagascar (VIEITES et al. 2009), and despite many 
nights of targeted searches, only few individuals of B. sp. 
Ca36 and B. sp. Ca37 could be collected. Furthermore, be- 
cause these frogs typically call from high perches on trees, 
to date no advertisement call recordings became available 
for these two lineages, or for B. sandrae, that could be un- 
ambiguously assigned to a voucher specimen. 

In an effort to clarify the taxonomy of these frogs, we 
assembled all available information, and assessed the ge- 
netic diversity of these frogs in mitochondrial and nuclear- 
encoded genes more comprehensively, based on sequences 
of all previously available voucher specimens, plus several 
newly collected individuals from additional sites. Our data 
provide evidence for the species status of at least one, pos- 
sibly two additional species of the B. luteus group in South- 
ern and Northern Central Madagascar, one of which we 
here formally name as new species. 


Materials and methods 
Frogs were captured mostly at night and located by op- 
portunistic searching during multiple field campaigns be- 


tween 1994 and 2015, using torches and head lamps. Rep- 
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resentative specimens were photographed in life, either in 
the field or the next morning after capture. Vouchers were 
euthanized using MS222 or chlorobutanol overdose, and 
tissue samples were collected for genetic analyses and pre- 
served in 96-100% ethanol. Vouchers were fixed in 96% 
ethanol, preserved in 70% ethanol, and deposited in the 
collections of the Université d’Antananarivo, Départe- 
ment de Biologie Animale, Antananarivo, Madagascar 
(UADBA; now called Mention Zoologie et Biodiversité 
Animale), Zoological Museum Amsterdam, Netherlands 
(ZMA; now part of Naturalis, Leiden), Zoologisches For- 
schungsmuseum A. Koenig, Bonn, Germany (ZFMK), 
and the Zoologische Staatssammlung Miinchen, Germa- 
ny (ZSM). ACZC, FAZC, FGMV, FGZC, ZCMV, MVTIS, 
LR, and PSG refer to field numbers of A. CROTTINI, E. AN- 
DREONE, F. GLAw, M. VENCEsS, L. RAHARIVOLOLONIAINA, 
and P.-S. GEHRING, respectively. Morphological measure- 
ments (in millimetres) were taken by MV with a calliper 
to the nearest 0.1 mm as follows: snout-vent length (SVL), 
maximum head width (HW), head length from posterior 
maxillary commissure to snout tip (HL), horizontal eye 
diameter (ED), horizontal tympanum diameter (TD), dis- 
tance from eye to nostril (END), distance from nostril to 
snout tip (NSD), distance between nostrils (NND), foot 
length (FOL), foot length including tarsus (FOTL), tibia 
length (TIBL), hindlimb length from cloaca to tip of long- 
est toe (HIL), forelimb length from axilla to tip of long- 
est finger (FORL), hand length (HAL). The definition of 
measurements, terminology and the description scheme 
follow GLAwW et al. (2010) and Vences et al. (2010, b), and 
GLAW & VENCES (1997) for eye coloration. Webbing for- 
mulae follow BLOMMERS-SCHLOSSER (1979). Geographical 
regions in Madagascar (Northern Central East, Southern 
Central East) are named following the suggestions of Bou- 
MANS et al. (2007). 

Advertisement calls were recorded in the field using dif- 
ferent analogue devices such as: Sony WM-D6C and Ten- 
sai RCR-3222 tape recorders with external microphones 
(Sennheiser Me-80, Vivanco EM 238). We sampled record- 
ings at 22.05 kHz and 32-bit resolution and computer-an- 
alysed using the software CoolEdit Pro 2.0 (Syntrillium 
Software Corp.). Frequency information was obtained 
through Fast Fourier Transformation (FFT, width 1024 
points) at Hanning window function; the audiospectro- 
grams were obtained at Blackman window function with 
256 bands resolution. Temporal measurements are given 
in milliseconds (ms) or seconds (s), as range, with mean 
+ standard deviation in parentheses. Terminology in call 
descriptions generally follows the call-centred scheme of 
KOHLER et al. (2017). 

For genetic analysis, DNA was extracted from tissue 
samples using a standard salt extraction protocol (BRu- 
FORD et al. 1992). We amplified and sequenced a fragment 
of the mitochondrial 16S rRNA gene (16S) using standard 
protocols (GLAW et al. 2010, VENCEs et al. 2010a, b), and 
with primers 16Sar-L and 16Sbr-H of PALUMBI et al. (1991), 
as well as a fragment of the nuclear-encoded sacsin gene 
(SACS) using primers and the nested PCR conditions de- 
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scribed in SHEN et al. (2012). For phylogenetic analysis of 
16S sequences, we carried out Maximum Likelihood infer- 
ence under a GTR+I+G model as in Vences et al. (2010, 
b), in MEGA7 (Kumar et al. 2016), testing robustness of 
nodes with 500 bootstrap replicates. Sequence divergenc- 
es were calculated as uncorrected pairwise distances (p- 
distances) in MEGA7. The SACS sequences were studied 
separately because our goal was to assess concordant di- 
vergence in the two unlinked markers with the purpose of 
species delimitation under a genealogical concordance cri- 
terion (AVISE & BALL 1990, AVISE & WOLLENBERG 1997). 
For this, we pursued two lines of analysis: (i) For those 
samples for which full-length sequences (960 nucleotides) 
could be obtained, we separated the sequences into haplo- 
types using the Phase algorithm (STEPHENS et al. 2001) as 
implemented in DNASp 5 (LIBRADO & Rozas 2009) and 
used the phased sequences to construct a haplotype net- 
work following the approach of SALZBURGER et al. (2011) 
with the program Haplotype Viewer (http://www.cibiv. 
at/~greg/haploviewer), based on a ML tree computed with 
MEGA? under the Jukes-Cantor model. (ii) We also assem- 
bled a further SACS data set, which included sequences 
that were shorter than the 960 nucleotides, in order to al- 
locate additional samples to lineages based on information 
from this nuclear-encoded gene. With this data set we cal- 
culated a ML tree under the Jukes-Cantor model with 500 
bootstrap replicates from the unphased sequences. All new 
sequences were submitted to GenBank (accession numbers 
MZ484691-MZ484724 and MZ494675-MZ494695). 


Nomenclatural acts 


The electronic edition of this article conforms to the re- 
quirements of the amended International Code of Zoo- 
logical Nomenclature, and hence the new names contained 
herein are available under that Code from the electronic 
edition of this article. This published work and the nomen- 
clatural acts it contains have been registered in ZooBank, 
the online registration system for the ICZN. 

The LSID (Life Science Identifier) for this publication is: 
urn:lsid:zoobank.org:pub: DCCC 4C62-EABA-4E20-B589- 
1D253C412053. The electronic edition of this work was pub- 
lished in a journal with an ISSN and has been archived and 
is available from the following digital repositories: www. 
zenodo.org and www.salamandra-journal.com. 


Results 
Genetics 


The molecular analysis confirmed the existence of two mi- 
tochondrial lineages in central eastern Madagascar, previ- 
ously named Boophis sp. Ca36 and B. sp. Ca37. In the 16S 
tree (Fig. 1), these were placed sister to each other with 69% 
bootstrap support. Together they formed the sister group 
of B. anjanaharibeensis, albeit without bootstrap support, 
and these three lineages were sister to B. sandrae. The clade 


containing B. anjanaharibeensis, B. sandrae, B. sp. Ca36 
and B. sp. Ca37 received 86% bootstrap support. Uncor- 
rected pairwise distances in this species complex range 
from 5.0 to 6.3% between B. anjanaharibeensis and the oth- 
er lineages; 2.8 to 3.2% between B. sandrae and B. sp. Ca36; 
4.2 to 5.4% between B. sandrae and B. sp. Ca37; and 2.2 to 
2.6% between B. sp. Ca36 and Ca37. 

The analysis of sequences of the nuclear-encoded SACS 
gene confirmed these same lineages in the B. sandrae com- 
plex (Fig. 2): no haplotype sharing between any pair of lin- 
eages was found in the phased sequences in the haplotype 
network, and they all formed clades in the phylogenetic 
analysis of the unphased sequences. 

Among the additional findings from our molecular 
analysis, by the inclusion of 16S sequences of additional 
samples, is (i) the occurrence of B. elenae in Tsinjoarivo, 
north of the northernmost record known so far (Antoetra; 
ANDREONE et al. 2007), and (ii) the occurrence of B. an- 
dreonei in Ambohitantely Special Reserve, distinctly fur- 
ther south than its previously known localities in northern 
Madagascar. 

All genetic records of B. sp. Ca36 refer to localities in 
the Northern Central East region of Madagascar, i.e. An- 
dasibe, Anosibe AnAla, and Tarzanville, whereas B. san- 
drae was only found in the Southern Central East, i.e., 
Ranomafana and the nearby site Mahakajy (Fig. 3). In the 
Ranomafana region, B. sandrae occurs syntopically with 
B. sp. Ca37, apparently without admixture as can be judged 
by genealogical concordance of 16S and SACS. While the 
majority of records of B. sp. Ca37 are from the Ranomafa- 
na area, two samples are from Andasibe. These sequences 
refer to tadpoles collected by L. RAHARIVOLOLONIAINA in 
the period December 2001 to January 2002 (LR214, LR243) 
in the same stream and in the same period as other tad- 
poles (LR228, LR230, LR 234, LR249) assigned to B. sp. 
Ca36. We confirmed these sequences by re-extraction of 
DNA and re-sequencing from the same samples, which 
were collected in a year when no fieldwork took place in 
the Ranomafana region (and sample confusion with sam- 
ples from that area, where all other B. sp. Ca37 were re- 
corded, is thus extremely unlikely). Nevertheless, since 
the record of B. sp. Ca37 in the Northern Central East has 
since not been confirmed by any records of adults or ad- 
vertisement calls, we consider its occurrence (and thus, 
syntopy without admixture of B. sp. Ca36 and Ca37) as in 
need of confirmation (albeit likely). 


Bioacoustics 


Recordings of two advertisement calls are available that 
differ distinctly from each other in temporal characters 
(Figs 4-5), leaving no doubt that they were emitted by 
different species. Both were emitted from high perches 
in trees, and in both cases, searches revealed individuals 
of large-sized green Boophis at the spots of call emission, 
which however could not unambiguously be observed 
emitting the recorded call, or could not be collected or se- 
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Boophis sp. Ca36 | P 
Boophis sp. Ca36 | F 
Boophis sp. Ca36 | FG. 
mtDNA (1 6S) Boophis sp. Ca36 | MV 
Boophis sp. Ca36 | Di 
96 | Boophis sp. Ca36 | DQ 
Boophis sp. Ca36 | DQ 
Boophis sp. Ca36 | DQ B. asquithi sp. n. 
Boophis sp. Ca36 | ZSI 
Boophis sp. Ca36 | Z: 
Boophis sp. Ca36 | Z: 
Boophis sp. Ca36 | ZS 
Boophis sp. Ca37 | DQ7924i 
Boophis sp. Ca37 | GU9751 
—n II 69 Boophis sp. Ca37 | FJ55 
0.020 98 Boophis sp. Ca37 | GU 
Boophis sp. Ca37 | ZCI 
58] Boophis sp. Ca37 | DQ7 
Boophis sp. Ca37 | ZCI 
Boophis sp. Ca37 | ZCM' 
Boophis sp. Ca37 | ZC. F 
Boophis anjanaharibeensis | FJ559122 | FGZC 2762 | Marojejy 
86 Boophis anjanaharibeensis | HM769910 | FGZC 2245 | Marojejy 
99 Boophis anjanaharibeensis | EF682212 | Marojejy 
84] Boophis anjanaharibeensis | ZCMV 854 | Marojejy 
Boophis anjanaharibeensis | ZCMV 855 | Marojejy 
Boophis sandrae | AY848441 | 
Boophis sandrae | ACZC 17 F 
Boophis sandrae | ACZC 
Boophis sandrae | AY848: 
Boophis sandrae | ZCMV 3° 
Boophis sandrae | ZCMV 
Boophis sandrae | AY848: 


69 


B. sp. Ca37 


98 


B. sandrae 


64 


Boophis sandrae | PSG 2 
Boophis sandrae | ZCMV 
Boophis sandrae | ZC! 
Boophis sandrae | ZCMV € an 
56 Boophis andohahela | FGMV 2002.245 | Vohiparara 
Boophis septentrionalis | FAZC 10329 | Masoala | llampy 
Boophis elenae | AY848470 | ZCMV 192 | Maharira 
Boophis elenae | ZCMV 219 | Maharira 
Boophis elenae | ACZC 8252 | Ranomafana 
Boophis elenae | ACZC 8176 | Ranomafana 
Boophis elenae | ACZC 8175 | Ranomafana 
Boophis elenae | ACZC 8174 | Ranomafana 
Boophis elenae | ACZC 8173 | Ranomafana 


66] | | Boophis elenae | ACZC 8253 | Ranomafana 
Boophis elenae | FAZC 11535 | Antoetra 
96 Boophis elenae | ACZC 8381 | Ranomafana (Sahamalaotra) 


Boophis elenae | ZCMV 217 | Maharira 


Boophis elenae | FGZC 4637 | Tsinjoarivo 
Boophis andreonei | AY848450 | FGMV 2001.E30 | Tsaratanana 
80 | Boophis andreonei | AY848449 | FGMV 2002.806 | Manongarivo 
Boophis andreonei | EU717869 | FGMV 2002.1914 | Maromalo 
Boophis andreonei | EU717862 | FGMV 2002.1903 | Maromalo 
97, Boophis andreonei | ACZC 7107 | Ambohitantely 
Boophis andreonei | ACZC 7128 | Ambohitantely 
Boophis andreonei | HM769904 | FGZC 2239 | Marojejy 
Boophis andreonei | HM769903 | FGZC 2234 Marojejy 
Boophis andreonei | HM769909 | FGZC 2919 | Marojejy 
Boophis andreonei | HM769908 | FGZC 2910 | Marojejy 
Boophis andreonei | HM769907 | FGZC 2904 | Marojejy 
Boophis andreonei | HM769906 | FGZC 2247 | Marojejy 
Boophis andreonei | HM769905 | FGZC 2246 | Marojejy 
Boophis andreone | HM769902 | FGZC 2907 | Marojejy 
Boophis goudotii | AY848569 | FGMV 2002.44 | Antoetra 


63 


99 


Figure 1. Maximum Likelihood tree of selected taxa of the Boophis luteus group (focusing on species characterized by an advertise- 
ment call consisting of a long series of fast repeated non-melodious notes), based on a 521 bp alignment of the mitochondrial 16S 
rRNA gene. Numbers at nodes are bootstrap support values in percent (500 replicates; not shown if < 50%). Boophis goudotii (of the 
B. goudotii group) was used as outgroup. 
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quenced. Because the calls of B. elenae and B. luteus (the 
other two large-sized green Boophis from the area) have 
been assigned by observations of unambiguously identi- 
fied (and DNA barcoded) vouchers (our own unpublished 
data; see also VENCES et al. 2011), the additional calls al- 
most certainly belong to the B. sandrae complex. Consid- 
ering the current knowledge of geographical distribution 
of lineages, the call recorded from Ranomafana (assigned 


A SACS 
(453-960 bp) 


0.0020 


Boophis 
sandrae 


LR214 | Andasibe 
ZCMV 3058 | 


ZCMV 3003 | Rano 
ZCMV 8539 | Ran 


Boophis sp. Ca37 


Boophis asquithi sp. n. 


to B. sandrae by GLAW et al. 2010) belongs either to B. san- 
drae (likely) or to the syntopic B. sp. Ca37; and the call from 
Andasibe belongs to B. sp. Ca36 (likely) or to B. sp. Ca37 (if 
this species indeed occurs at the site). The two calls are de- 
scribed in the following. 

Boophis sandrae or B. sp. Ca37. - Advertisement calls re- 
corded on 1 January 1996 at Ranomafana consist of a single 
pulsed note repeated at regular intervals in very fast succes- 


B. anjanaharibeensis | ZCMV 854 | Marojejy 
. anjanaharibeensis | ZCMV 855 | Marojejy 
B. andohahela | FGMV 2002.245 


SACS (960 bp) 


Boophis 
anjanaharibeensis 


Figure 2. Molecular differentiation in the target taxa (Boophis asquithi sp. n., B. sp. Ca37, B. sandrae, and the related B. anjanahari- 
beensis) in the nuclear-encoded sacsin (SACS) gene. (A) Maximum Likelihood phylogenetic tree of all available sequences based on 
453-960 bp unphased sequences (B. andohahela was used as outgroup; numbers at nodes are bootstrap proportions in percent and 
are only shown if > 50%). (B) Haplotype network based on phased sequences, for those samples where full-length sequences (960 bp) 
were available; each specimen is represented with two haplotypes in this network. 
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sion and very long series (duration of one recorded call se- 
ries 33.6 s; Fig. 4). Each note is distinctly pulsed and exhib- 
its pronounced amplitude modulation, with continuously 
increasing call energy from the beginning towards the end 
of the note. Numerical call parameters of 34 analyzed calls 
are as follows: call duration (= note duration) 13-23 ms 
(18.9 + 2.4 ms); inter-call intervals (= inter-note intervals) 
27-43 ms (32.5 + 4.7 ms); call repetition rate within regular 
call series approximately 1300 calls/min; 3-7 pulses/note 
(4.7 + 1.0); pulse duration 2-8 ms (4.1 + 2.1 ms); pulse rep- 
etition rate within notes approximately 400 pulses/s; dom- 
inant frequency 2832-2970 Hz (2878 + 46 Hz); prevalent 
bandwidth 2100-3400 Hz. Another call recording of rather 
poor quality obtained on 28 January 2004 near Vohiparara, 
Ranomafana, at 20-21°C air temperature, differs slightly in 
the measurements of call duration (27-34 ms) and inter- 
call intervals (14-18 ms), but the general character of both 
calls recorded is nearly identical and leaves little doubt that 
both belong to the same species. Differences observed are 
most probably due to different recording qualities. Both 
call recordings have already been described by GLAW et al. 


44° 46° 48° 50° 

12° 12° 

A B. asquithi sp. n. 

E B. sandrae 
44° @ B. sp. Ca37 ‘ae 
16° 16° 
18° 18° 
20° e 20° 

| Mahakajy 
22° d 22° 
24° 24° 
oe 


44° 46° 48° 50° 
Figure 3. Map of Madagascar showing confirmed locality records 


of the focal lineages, Boophis asquithi sp. n., B. sp. Ca37, and 
B. sandrae. 
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(2010), but information on locality and date were mixed 
among the two recordings. 

Boophis sp. Ca36 or B. sp. Ca37. - Advertisement calls 
recorded on 15 January 1995 at Andasibe at 24.5°C air tem- 
perature, consist of a single, distinctly pulsed note repeated 
at regular intervals in fast succession and very long series 
(Fig. 5). Inter-call intervals (= inter-note intervals) are very 
short. Pulse structure within notes is somewhat irregular, 
with the initial pulse usually being the shortest and only 
very narrowly separated from the second pulse of the note. 
Moreover, notes exhibit some amplitude modulation with 
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Relative 
amplitude 


0 250 500 750 1000 
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Figure 4. Spectrogram and oscillogram of advertisement calls 
provisionally assigned to Boophis sandrae recorded on 1 January 
1996 at Ranomafana. The same advertisement calls have already 
been reported in GLAW et al. (2010) and the recording published 
in Vences et al. (2006). Since the calling voucher has not been 
sequenced, its attribution to B. sandrae is tentative. 
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Frequency (kHz) 


N 


Relative 
amplitude 


0 250 500 750 1000 
Time (ms) 


Figure 5. Spectrogram and oscillogram of advertisement calls 
provisionally assigned to Boophis asquithi sp. n., recorded on 
15 January 1995 at Andasibe at 24.5°C air temperature. Since 
the specimen could not be seen calling and no voucher directly 
associated with this call has been collected, its attribution to 
B. asquithi remains tentative. 
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the initial pulse always containing less call energy than sub- 
sequent pulses. Numerical call parameters of 48 analyzed 
calls from two call series recorded (both > 20 s in duration, 
but both not completely recorded) are as follows: call dura- 
tion (= note duration) 62-80 ms (70.8 + 7.3 ms); inter-call 
intervals (= inter-note intervals) 16-38 ms (28.6 + 6.5 ms); 
call repetition rate within regular call series ranges from 
approximately 590-615 calls/min; 4-5 pulses/note (4.5 + 
0.5); pulse duration 5-11 ms (8.2 + 1.7 ms); pulse repetition 
rate within notes 44.4-90.9 pulses/s (59.6 + 18.5 pulses/s); 
dominant frequency 2229-2377 Hz (2278 + 40 Hz); preva- 
lent bandwidth 2000-2400 Hz, with two weak additional 
peaks in call energy at around 4400 and 6600 Hz. 

Advertisement calls of B. elenae from Maharira (Rano- 
mafana National Park) mainly differed from the recordings 
described above by a distinctly longer note duration and 
lower call repetition rate (= note repetition rate) within call 
series, as illustrated in Figure 6. For a detailed call descrip- 
tion, see GLAW et al. (2010). 


Morphology and coloration 


All specimens assigned to B. sandrae, B. sp. Ca36 and B. sp. 
Ca37 are very similar to each other (Figs 7-10, Table 1). 
We could not detect any obvious and constant differences 
in coloration from the available pictures in life. However, 
some differences seem to exist in body size: male body size 
appears to be smallest in B. sandrae (SVL 35.5-38.4 mm), 
intermediate in B. sp. Ca36 (37.8-40.5 mm), and largest in 
B. sp. Ca37 (43.6-48.2 mm). The same is true for females, 
where B. sandrae has a SVL of 50.3-52.7 mm, B. sp. Ca36 
of 56.5 mm, and B. sp. Ca37 of 62.6-63.0 mm. The available 
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Figure 6. Spectrogram and oscillogram of advertisement calls 
of Boophis elenae from Maharira, Ranomafana, shown here for 
comparative purposes. The same call has already been reported 
in GLAW et al. (2010) and the recording published in Vences et 
al. (2006). Although no voucher specimen can be unambiguously 
assigned to the recording, calling specimens were observed in the 
field and the call therefore can be reliably assigned to B. elenae 
(M. VENCEs pers. obs. in 2004). 


Figure 7. Male holotype of Boophis sandrae, ZMA 20133 (ZCMV 
352), from Andranoroa river, Ranomafana, in life. 


photos (Figs 7-10) also indicate that in B. sp. Ca36, the iris 
periphery is usually cream with a light shade of blue, while 
in the two photos that can be reliably assigned to B. sandrae 
and B. sp. Ca 37, respectively, the posterior iris periphery is 
light blue (Fig 7, Fig 10). 


Taxonomy 


Considering the substantial genetic divergence (around 
3%) from the closest nominal species, B. sandrae, and the 
genealogical concordance in a mitochondrial and a nucle- 
ar-encoded gene, along with some (although faint) differ- 
ences in body size, we are convinced that the B. sandrae 
complex contains more than one species. We here describe 
one of the identified lineages (B. sp. Ca36) as new species, 
B. asquithi sp. n., while we leave the status of B. sp. Ca37 
pending, due to insufficient data. 


Boophis asquithi sp. n. 


LSID: — urn:lsid:zoobank.org:act:ECD34E32-0F53-4FCA-BoF8- 
7A80189B540A 


Holotype. ZSM 278/2010 (field number FGZC 4424), adult 
male, collected in a forest near Tarzanville, Anosibe An‘Ala 
region (geographical coordinates -19.32435°, 48.21988°, 881 
m above sea level), eastern Madagascar, on 12 April 2010 by 
F. GLAW, J. KOHLER, P.-S. GEHRING, K. MEBERT, E. RAJERI- 
ARISON and F. M. RATSOAVINA (Figs 8a, b, 11). 


Paratypes. ZSM 279/2010 (FGZC 4425), adult female found 
in amplexus with holotype, same collection data as holo- 
type; ZSM 277/2010 (FGZC 4397), UADBA (FGZC 4396) 
and UADBA (FGZC 4398), three adult males, collected at 
Anosibe AnAla (-19.43492°, 48.20074°, 636 m above sea lev- 
el), eastern Madagascar, on 11 April 2010 by F. GLaw, J. KÖH- 
LER, P-S. GEHRING, K. MEBERT, E. RAJERIARISON and F. M. 
RatTsoavina; ZSM 130/2016 (FGZC 4951), adult male, col- 
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lected along the road to Andasibe near Hotel Feor’ny Ala 
(ca -18.942221°, 48.417243°, ca 940 ma.s.l.), eastern Mada- 
gascar, on 24 December 2015 by F. GLaw, D. PROTZEL and 
L. RANDRIAMANANA. The two paratypes from the UADBA 
collection were not available for morphological examina- 
tion but were unambiguously identified genetically (Fig. 1). 


Description of the holotype. Adult male in good state of 
preservation, SVL 40.5 mm (Fig. 11). Body slender; head 
slightly longer than wide, slightly wider than body; snout 
rounded in dorsal view, obtuse in lateral view, nostrils 
directed laterally, nearer to eye than to tip of snout; can- 
thus rostralis straight in dorsal view, loreal region slightly 
concave; tympanum distinct, rounded, TD 39% of eye di- 
ameter; supratympanic fold moderately distinct; vomer- 
ine odontophores distinct, well separated in two round 
patches, positioned posteromedian to choanae; choanae 
medium-sized, rounded. Posterior part of the tongue re- 
moved as tissue sample, tongue originally bifid, free poste- 


riorly. Arms slender, subarticular tubercles single, round; 
metacarpal tubercles not recognizable; fingers moderate- 
ly webbed and with (poorly recognisable) lateral dermal 
fringes; webbing formula 1(-), 2i(1), 2e(1), 3i(2), 3e(1), 4(1); 
relative length of fingers 1<2<4<3 (finger 2 distinctly shorter 
than finger 4); finger discs distinctly enlarged; distinct, well 
developed nuptial pad on inner side of first finger, unpig- 
mented. Hindlimbs slender; tibiotarsal articulation reach- 
ing nostril when hindlimb is adpressed along body; lateral 
metatarsalia separated by webbing; inner metatarsal tuber- 
cle small, distinct, elongated; no outer metatarsal tuber- 
cle; webbing between toes well-developed, lateral dermal 
fringes present; webbing formula 1(0), 2i(0), 2e(0), 3i(1), 
3e(0), 4i(1), 4e(2), 5(o); relative length of toes 1<2<5=3<4; 
toe discs enlarged. Skin on dorsal surfaces smooth, very 
finely granular on throat, slightly more coarsely granular 
on chest and belly; an apparently glandular (whitish) area 
ventrally of the cloacal opening; no distinctly enlarged tu- 
bercles in the cloacal region. 


Figure 8. Boophis asquithi sp. n. in life: (a,b) Male holotype, ZSM 278/2010 (FGZC 4424), in amplexus with female paratype ZSM 
279/2010 (FGZC 4425), from near Tarzanville; (c) Male paratype (ZSM 130/2016) from Andasibe. 
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After more than ten years in preservative, ground col- 
our of flanks, dorsal and ventral surfaces uniformly creamy 
yellow. Skin above eyes dark grey. Nostril internally bor- 
dered with fine dark pigment. 

In life (Fig. 8), ground colour of upper surface of head 
and dorsum light green with darker green spotting. A pale 
grey zone at midflanks with dark green-grey reticulations, 
starting behind the insertion of forelimbs; below this zone 
unpigmented. A bluish shade is present on external edge 
of upper eyelid, around the insertion of forelimbs and the 
borders of the concealed parts of the hindlimbs. During 
the day, iris colour around the horizontal pupil is copper, 
external parts of the iris (especially dorsally and ventral- 
ly) silvery. At night the iris forms a homogeneous red ring 
around the open and almost round pupil. Posterior iris pe- 
riphery black, followed by cream with a faint bluish shade. 
Eye periphery dark blue posteriorly. White lateral fringes 
along the lateral edge of lower arm, tarsus, and heel. Web- 
bing yellowish green. Small, distinct white spots scattered 
on the anterior part of the head and on the back, lower 
hindlimbs with numerous white dots. Dorsal surfaces of 


fingers and toes green, terminal discs blueish-green. Ven- 
tral life coloration of holotype unknown. 


Variation. Morphometric data of three paratypes are pro- 
vided in Table 1. The two males are similar to the holo- 
type in size, general morphology and coloration. The fe- 
male paratype ZSM 279/2010, which was found in axil- 
lary amplexus with the holotype, is distinctly larger than 
the males. Photographs of additional individuals, some of 
them probably deposited in UADBA and most likely be- 
longing to B. asquithi, are shown in Figure 9. 


Etymology. The specific name is dedicated to Mr. John 
David Asquith, in recognition of his support of biodiver- 
sity research and nature conservation through the BIOPAT 
initiative. 


Natural history. Calls probably emitted by B. asquithi were 
sometimes heard from higher positions in trees around 
Andasibe in the rainy season, but unfortunately, call re- 
cordings are not available of any voucher specimen. The 


Figure 9. Additional specimens from near Tarzanville (region of Anosibe AnAla) in life, probably all representing adult males of 
Boophis asquithi sp. n.: (a, b) dorsolateral and ventral views of a specimen photographed on 12 April 2010; (c) specimen photographed 
on 12 April 2010; (d) specimen, photographed on 11 April 2010. Because these photos cannot be reliably assigned to voucher speci- 
men numbers, their species assignment cannot be fully ascertained; however, all vouchers collected from these sites during these field 
campaigns were genetically verified to belong to B. asquithi sp. n. 
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genetically unconfirmed male ZFMK 60027 was calling on 
15 January 1995 (at night) from vegetation ca 3 m above the 
ground. The vocal sac was relatively large, but did not inflate 
during the vocalization, suggesting that the vocalizations 
were possibly produced both during expiration and inspi- 
ration. The couple from near Tarzanville (Fig. 8) was found 
in axillary amplexus along a small river in the evening of 
12 April 2010. The female had numerous yellowish eggs in 
its body cavity. A second couple in axillary amplexus prob- 
ably assignable to this species was found inactive (sleeping) 
during the day along the road. ZSM 130/2016 was sitting at 
night on a leaf in the vegetation along the road, less than 
1m above the ground and did not vocalize. 


Vocalization. Advertisement calls probably belonging to 
this species (but perhaps instead assignable to B. sp. Ca37) 
have been described in the section Bioacoustics; see above. 


Larval stages. RAHARIVOLOLONIAINA et al. (2006) report- 
ed on tadpoles collected at Andasibe whose DNA sequenc- 


Figure 10. Female specimen of Boophis sp. Ca37, ZSM 236/2006 
(ZCMV 3058), from Ambatolahy River, Ranomafana. Note that 
this specimen has been designated as paratype of B. sandrae (and 
figured as such in Graw et al. 2010) but based on our new mo- 
lecular data, belongs to B. sp. Ca37. 


Figure 11. Preserved holotype of Boophis asquithi sp. n. (ZSM 
278/2010) in dorsal (left) and ventral views (right). 


es identify them as B. asquithi (included in Fig. 1: LR228, 
LR230, LR234, LR249). However, the detailed tadpole de- 
scription and drawing provided by these authors refers to 
the specimen LR214, which genetically belongs to B. sp. 
Ca37; the larval stages of B. asquithi therefore remain un- 
described. 


Discussion 


All known species in the Boophis luteus group emit loud 
advertisement calls in the rainy season and sometimes also 
during the dry season. Calling males often perched high 
in the trees and their vocal sacs only moderately inflate 
during call emission. Paradoxically, calls of these frogs are 
therefore usually ubiquitous in Madagascar’s mid-eleva- 
tion rainforests, yet observations of males in the moment 
of emitting their calls are comparatively rare. After obser- 
vation and identification of a calling male high in a tree, 
an added difficulty is to catch and collect this individual 
without losing track of it and confusing it with other frogs 
that may be perched on the same tree or branch. These 
challenges resulted in a combination of usually many avail- 
able call recordings but few unambiguously assigned call 
vouchers in this group of frogs. 

Still, it is surprising to what extent these challenges af- 
fect the taxonomic conundrum surrounding the B. luteus 
group in eastern Madagascar. When ANDREONE (1993) ini- 
tially described Boophis elenae, he distinguished the new 
species from B. luteus by the absence of a bright red col- 
oured ring on the iris (typical for B. luteus), and by diver- 
gent advertisement calls. The original description includes 
informative photographs showing the coloration of the hol- 
otype from Vohiparara in life, including its distinct iris col- 
oration with a silvery-whitish ground colour and well-de- 
fined thin red horizontal lines/rings around the pupil (AN- 
DREONE 1993). Given this highly species-specific pattern in 
the name-bearing type specimen, the identity of B. elenae 
is beyond doubt. Also, the calls of B. elenae have been relia- 
bly assigned. The call description in ANDREONE (1993) does 
not refer to the holotype and is based on a rather noisy 
recording from Ambatolahy, but the re-description of the 
species’ advertisement call in GLAw et al. (2010) is based 
on a recording from Maharira forest within Ranomafana 
National Park, where multiple individuals could be heard 
and seen calling (M. VENCEs, pers. obs. in 2004), although 
the available recording cannot be assigned unambiguously 
to one of the collected and sequenced specimens (several 
of which are included in Fig. 1). 

On the other hand, not a single call recording can be 
unambiguously assigned to either B. asquithi, B. sandrae, 
or B. sp. Ca37. This suggests that these specimens often call 
from less exposed positions high in trees, and may be rath- 
er shy, quickly interrupting call emission when disturbed. 
At Andasibe we have spent many hours in vain trying to 
locate and collect specimens from very high positions in 
trees while emitting the call that we here assign tentatively 
to B. asquithi. At Ranomafana, we often heard a particular 
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call that ANDREONE (1993) had assigned to B. albilabris, a 
species at that time considered to be a close relative of B. lu- 
teus. Although we were able to collect specimens probably 
emitting these calls (later on described as B. sandrae; GLAW 
et al. 2010) we did not succeed in observing a (sequenced) 
voucher specimen calling, and therefore cannot exclude 
these calls may instead belong to B. sp. Ca37. 

Despite the uncertainty surrounding the bioacoustic 
differentiation of the focal frog lineages, their genetic di- 
vergence in two unlinked loci under syntopic conditions 
provides clear evidence that more than one biological spe- 
cies are involved - and the evidence for morphological dif- 
ferences in body size and probable bioacoustic differentia- 
tion is in agreement with this hypothesis. 

The present study provides an informative example on 
how taxonomy can be confused by underestimating the 
amount of cryptic diversity of organisms. In his initial 
study, ANDREONE (1993) did not consider the possibility 
that some of the frogs lacking the distinct iris coloration of 
B. luteus might belong to yet another species, in addition 
to the newly described B. elenae. This led him to define a 
paratype (MRSN A71.2) that probably belongs to a differ- 
ent species (B. sandrae or B. sp. Ca37). A similar conserva- 
tive approach led also GLAW et al. (2010) to underestimate 
the species diversity in the B. sandrae complex; these au- 
thors included in the newly described species B. sandrae 
at least three paratypes without genetic data (ZMA 20135, 
ZSM 235/2006, ZSM 236/2006), which our present study 
revealed as belonging to B. sp. Ca3z7, and in the current 
study, we may be overly cautious again, not yet scientifical- 
ly naming B. sp. Ca37 as new species despite evidence from 
mitochondrial and nuclear genes for it being an evolution- 
arily independent lineage. However, given that in integra- 
tive taxonomy, excessive splitting is more difficult to cor- 
rect than excessive lumping (MIRALLES & VENCES 2013), 
we opted for a conservative taxonomy where additional 
species may be described with new evidence in the future. 

One obvious lesson learned, however, from the current 
example as well as from other, similar case studies in the 
Malagasy anuran fauna (e.g., Cocca et al. 2020), is an ur- 
gent recommendation to always designate, in anuran spe- 
cies, as holotype an individual that has been identified as 
unambiguously as possible. Typically, this will be a speci- 
men with genetic data (preferably from multiple unlinked 
loci), or at least with clearly assignable advertisement call 
recording. The same applies, to a lesser degree, also to para- 
types; but while an erroneous attribution of paratype speci- 
mens to species may cause some confusion, they eventually 
are without nomenclatural consequence given that para- 
types have no immediate nomenclatural relevance in the 
International Code of Zoological Nomenclature. Howev- 
er, also paratypes can become relevant when the holotype 
is lost, as the Code recommends to choose neotypes from 
paratypes if these are still available in collections (recom- 
mendation 75A: ICZN 1999). 

The status of B. sp. Ca37 remains to be clarified in fu- 
ture studies. While the data herein suggest it is likely an- 
other species-level lineage of large-sized, green-coloured 
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Boophis, we propose the following information should be 
completed before drawing final taxonomic conclusions: 
(a) most importantly additional fieldwork and collections 
in the Andasibe region should be carried out to verify the 
putative syntopic occurrence of B. asquithi and B. sp. Ca37. 
If these two lineages indeed occur at the same site with- 
out genetic admixture, it would provide conclusive evi- 
dence for their status as separate species (MIRALLES et al. 
2021); (b) targeted call recordings at Ranomafana and An- 
dasibe are necessary. On one hand, by catching, measur- 
ing and genetically sampling multiple calling individuals 
of frogs of this complex, it will be possible to finally as- 
sign calls reliably to species; furthermore, such data will al- 
low one to verify body size differences. On the other hand, 
such bioacoustic research also provides a test for the hy- 
pothesis of a third, yet unrecorded call attributable to this 
complex of species, and thus confirmation of bioacoustic 
differentiation among all three lineages; (c) lastly, detailed 
assessments of tadpole morphology may reveal further 
characters to differentiate the three lineages, as was previ- 
ously found in other Boophis species (e.g., RANDRIANIAINA 
et al. 2009). In fact, tadpoles of B. sp. Ca37 (wrongly re- 
ported as B. sandrae) were found to morphologically differ 
from those of B. elenae (RASOLONJATOVO HIOBIARILANTO 
et al. 2010). Interestingly, despite intensive surveys in the 
Ranomafana region, tadpoles of B. sandrae were not col- 
lected, although those of B. sp. Ca37 were encountered at 
several sites (STRAUSS et al. 2013). Future surveys should 
therefore specifically target the larval stages of B. sandrae. 

The amount of cryptic diversity in the B. sandrae com- 
plex may continue surprising us. In another complex of 
green-coloured treefrogs, the B. albipunctatus complex, 
three species (B. albipunctatus, B. sibilans, B. luciae) occur 
in syntopy around Andasibe, of which B. sibilans was ini- 
tially described as a subspecies of B. albipunctatus (GLAW & 
THIESMEIER 1993). Although the amount of genetic diver- 
gence among lineages in the B. sandrae complex is rather 
low, other studies have provided clear evidence for the ex- 
istence of genetically closely related and morphologically 
cryptic species of Malagasy treefrogs in syntopy (VENCES 
et al. 2012). However, lineages with such low genetic di- 
vergences may well occupy different positions in the “grey 
zone of speciation” (e.g., DUFRESNES et al. 2020) and 
could also represent widely admixing, intraspecific lineag- 
es (CHAN et al. 2021). Therefore, in such cases, additional 
scrutiny is required before naming them as new species. 
Basic field exploration and natural history assessments, in- 
cluding the targeted collection of voucher specimens, thus 
remain of paramount importance in Madagascar, even in 
well-known rainforests sites such as Analamazaotra-Man- 
tadia National Park close to Andasibe, and Ranomafana 
National Park. 


Acknowledgments 


We are grateful to numerous friends and colleagues who helped 
during collection of materials in the field over the past 20 years, 
in particular PARFAIT Bora, KONRAD MEBERT, LILIANE RAHA- 


New green Boophis from Madagascar 


RIVOLOLONIAINA, THEO RAJAOFIARISON, EMILE RAJERIARISON, 
ROGER-DANIEL RANDRIANINIAINA, FANOMEZANA M. RATSOAVI- 
NA and Davip R. VigirTEs. This work has been carried out in the 
framework of various collaboration agreements of the authors 
institutions and UADBA. The Malagasy authorities kindly grant- 
ed research and export permits. MICET and ValBio Research 
Station provided crucial logistic support. Portuguese Nation- 
al Funds through FCT (Fundação para a Ciência e a Tecnolo- 
gia; 2020.00823.CEECIND) support the research contract of A. 
CROTTINI. 


References 


AmphibiaWeb (2021): https://amphibiaweb.org. - University of 
California, Berkeley, CA, USA, accessed 12 April 2021. 

ANDREONE, F. (1993): Two new treefrogs of the genus Boophis 
(Anura: Rhacophoridae) from central-eastern Madagascar. - 
Bollettino Museo Regionale di Scienze Naturali, Torino, 11: 
289-313. 

ANDREONE, F., M. Vences, F. GLAW & J. E. RANDRIANIRINA 
(2007): Remarkable records of amphibians and reptiles on 
Madagascar’s central high plateau. - Tropical Zoology, 20: 
19-39. 

AVISE, J. C. & R. M. BALL (1990): Principles of genealogical con- 
cordance in species concepts and biological taxonomy. - pp. 
45-67 in: FuruyMA, D. & J. ANTONOVICS (eds): Oxford Sur- 
veys in Evolutionary Biology. - Oxford University Press, Ox- 
ford. 


AVISE, J. & K. WOLLENBERG (1997): Phylogenetics and the origin 
of species. — Proceedings of the National Academy of Sciences 
of the United States of America, 94: 7748-7755. 


BLOMMERS-SCHLOSSER, R. M. A. (1979): Biosystematics of the 
Malagasy frogs. II. The genus Boophis (Rhacophoridae). - Bij- 
dragen tot de Dierkunde, 49: 261-312. 


BLOMMERS-SCHLOSSER, R. M. A. & C. P. BLANC (1991): Amphi- 
biens (première partie). - Faune de Madagascar, 75: 1-379. 


Boumans, L., D. R. VIEITES, F. GLAW & M. Vences (2007): Ge- 
ographical patterns of deep mitochondrial differentiation in 
widespread Malagasy reptiles. - Molecular Phylogenetics and 
Evolution, 45: 822-839. 


BRUFORD, M. W., O. HANOTTE, J. F. Y. BROOKFIELD & T. BURKE 
(1992): Single-locus and multilocus DNA fingerprint. - pp. 
225-270 in: HoELZEL, A. R. (ed.): Molecular genetic analysis 
of populations: a practical approach. - IRL Press, Oxford. 


Cuan, K. O., C. R. HUTTER, P. L. Woop JR., Y. C. Su & R. M. 
Brown (2021): Gene flow increases phylogenetic structure 
and inflates cryptic species estimations: a case study on wide- 
spread philippine puddle frogs (Occidozyga laevis). - System- 
atic Biology, https://doi.org/10.1093/sysbio/syabo34. 

Cocca, W., F. ANDREONE, F. BELLUARDO, G. M. Rosa, J. E. RAN- 
DRIANIRINA, F. GLAW & A. CROTTINI (2020): Resolving a 
taxonomic and nomenclatural puzzle in mantellid frogs: syno- 
nymization of Gephyromantis azzurrae with G. corvus, and 
description of Gephyromantis kintana sp. nov. from the Isalo 
Massif, western Madagascar. - ZooKeys, 951: 133-157. 


DUFRESNES, C., M. PRIBILLE, B. ALARD, H. GONÇALVES, F. AMAT, 
P. A. CROCHET, S. DUBEY, N. PERRIN, L. FUMAGALLI, M. VEN- 
CES & I. MARTÍNEZ-SOLANO (2020): Integrating hybrid zone 
analyses in species delimitation: lessons from two anuran radi- 
ations of the Western Mediterranean. - Heredity, 124: 423-438. 


GLaw, F, O. HAWLITSCHEK, K. GLAW & M. Vences (2019): In- 
tegrative evidence confirms new endemic island frogs and 
transmarine dispersal of amphibians between Madagascar and 
Mayotte (Comoros archipelago). - Science of Nature, 106: 19. 


GLaw, FE, J. KOHLER, I. DE LA Riva, D. R. VIEITES & M. VEN- 
CES (2010): Integrative taxonomy of Malagasy treefrogs: com- 
bination of molecular genetics, bioacoustics and comparative 
morphology reveals twelve additional species of Boophis. - 
Zootaxa, 2383: 1-82. 


GLAw, F. & B. THIESMEIER (1993): Bioakustische Differenzierung 
in der Boophis luteus-Gruppe (Anura: Rhacophoridae), mit 
Beschreibung einer neuen Art und einer neuen Unterart. - 
Salamandra, 28: 258-269. 


GLAW, F. & M. VENCES (1992): A fieldguide to the amphibians and 
reptiles of Madagascar. - Vences & Glaw Verlag, Köln. 


GLAW, F. & M. Vences (1994): A fieldguide to the amphibians and 
reptiles of Madagascar, - 2™ edition. - Vences & Glaw Verlag, 
Cologne. 


Graw, F. & M. VENCEs (1997): Anuran eye colouration: defini- 
tions, variation, taxonomic implications and possible func- 
tions. — pp. 125-138 in: BÖHME, W., W. BISCHOFF & T. ZIEGLER 
(eds): Herpetologia Bonnensis. - SEH Proceedings, Bonn. 


GLAW, F. & M. VENCEs (2006): Phylogeny and genus-level clas- 
sification of mantellid frogs. - Organisms Diversity & Evolu- 
tion, 6: 236-253. 

Graw, F. & M. Vences (2007): A field guide to the amphibians 
and reptiles of Madagascar, third edition. Vences & Glaw Ver- 
lag, Cologne. 


HUTTER, C. R., S. M. LAMBERT, Z. F. ANDRIAMPENOMANANA, F. 
GLAW & M. VENCES (2018): Molecular phylogeny and diversi- 
fication of Malagasy bright-eyed tree frogs (Mantellidae: Boo- 
phis). - Molecular Phylogenetics and Evolution, 127: 568-578. 


ICZN (1999): International Code of Zoological Nomenclature. 
Fourth edition. - The International Trust for Zoological No- 
menclature, London, UK, available online at http://www.iczn. 
org/iczn/index.jsp. 

KÖHLER, J., M. JANSEN, A. RODRIGUEZ, P. J. R. KOK, L. F. TOLEDO, 
M. EMMRICH, F. GLAW, C. F. B. HADDAD, M.-O. RODEL & M. 
VENCES (2017): The use of bioacoustics in anuran taxonomy: 
theory, terminology, methods and recommendations for best 
practice. - Zootaxa, 4251: 1-124. 


KUMAR, S., G. STECHER & K. TAMURA (2016): MEGA7: Molecular 
Evolutionary Genetics Analysis version 7.0 for bigger datasets. 
- Molecular Biology and Evolution, 33: 1870-1874. 


LIBRADO, P. & J. RozAs (2009): DnaSP vs: A software for compre- 
hensive analysis of DNA polymorphism data. - Bioinformat- 
ics, 25: 1451-1452. 

MIRALLES, A. & M. VENCES (2013): New metrics for comparison 
of taxonomies reveal striking discrepancies among species de- 
limitation methods in Madascincus lizards. - PLoS ONE, 8: 
e68242. 


MIRALLES, A., T. BRUY, A. CROTTINI, A. RAKOTOARISON, F. M. 
Ratsoavina, M. D. SCHERZ, R. SCHMIDT, J. KOHLER, F. GLAW 
& M. VENCES (2021): Completing a taxonomic puzzle: integra- 
tive review of geckos of the Paroedura bastardi species complex 
(Squamata, Gekkonidae). - Vertebrate Zoology, 71: 27-48. 


PALUMBI, S., A. MARTIN, S. RAMANO, W. O. MCMILLAN, L. STICE 
& G. GRABOWSKI (1991): The Simple Fool’s Guide to PCR, Ver- 
sion 2. — University of Hawaii Zoology Department, Hono- 
lulu, Hawaii. 


307 


FRANK GLAW et al. 


PERL, R. G. B., Z. T. NAGY, G. SONET, F. GLaw, K. C. WOLLENBERG 
& M. Vences (2014): DNA barcoding Madagascars amphi- 
bian fauna. - Amphibia-Reptilia, 35: 197-206. 


RAHARIVOLOLONIAINA, L., S. GROSJEAN, N. RASOAMAMPIONONA 
RAMINOSOA, F. GLAW & M. VENCES (2006): Molecular iden- 
tification, description and phylogenetic implications of the 
tadpoles of 11 species of Malagasy treefrogs, genus Boophis. - 
Journal of Natural History, 40: 1449-1480. 


RANDRIANIAINA, R. D., R. NAVARRO ANTUNEZ, J. CANITZ, 
F. FORTH, I. LEMME, B. Ropricuez, H. Rinas, R. THANERT, 
P. TROGER, N. WESTPHAL, A. WILLIM, K. C. WOLLENBERG, 
A. STRAUSS & M. VENCES (2009): Vogue or adaptive charac- 
ter? A tadpole’s goatee helps to distinguish two cryptic treefrog 
species of the genus Boophis. - Herpetology Notes, 2: 165-173. 


RASOLONJATOVO HIOBIARILANTO, T., R.-D. RANDRIANIAINA, 
J. GLos, A. STRAUSS & M. Vences (2010): Description of ten 
tadpoles in the genus Boophis from Madagascar. - Zootaxa, 
2694: 1-25. 


SALZBURGER, W., G. B. EWING & A. VON HAESELER (2011): The 
performance of phylogenetic algorithms in estimating hap- 
lotype genealogies with migration. — Molecular Ecology, 20: 
1952-1963. 

SHEN, X. X., D. LIANG & P. ZHANG (2012): The development of 
three long universal nuclear protein-coding locus markers and 
their application to osteichthyan phylogenetics with nested 
PCR. - PLoS ONE, 7: €39256. 


STEPHENS, M., N. J. SMITH & P. DONNELLY (2001): A new sta- 
tistical method for haplotype reconstruction from population 
data. - The American Journal Human Genetics, 68: 978-989. 


Strauss, A., R. D. RANDRIANIAINA, M. VENCES & J. GLOS (2013): 
Species distribution and assembly patterns of frog larvae in 
rainforest streams of Madagascar. — Hydrobiologia, 702: 27- 
43. 


VENCES, M., F. ANDREONE, J. GLOS & F. GLAw (2010a): Molecu- 
lar and bioacoustic differentiation of Boophis occidentalis with 
description of a new treefrog from north-western Madagascar. 
- Zootaxa, 2544: 54-68. 


VENCES, M., M. GEHARA, J. KOHLER & F. GLAW (2012): Descrip- 
tion of a new Malagasy treefrog (Boophis) occurring syntopi- 
cally with its sister species, and a plea for studies on non-allo- 
patric speciation in tropical amphibians. - Amphibia-Reptilia, 
33: 503-520. 

VENCES, M., F. GLAW & R. MARQUEZ (2006): The calls of the frogs 
of Madagascar. 3 Audio CDs and booklet. - Alosa-Fonozoo, 
Barcelona. 


VENCES, M., J. KOHLER, A. CROTTINI & F. GLAW (2010b): High 
mitochondrial sequence divergence meets morphological and 
bioacoustic conservatism: Boophis quasiboehmei sp. n., a new 
cryptic treefrog species from south-eastern Madagascar. - 
Bonn zoological Bulletin, 57: 241-255. 


VENCES, M., J. KOHLER, D. R. VIEITES & F GLAW (2011): Mole- 
cular and bioacoustic differentiation of deep conspecific line- 
ages of the Malagasy treefrogs Boophis tampoka and B. luteus. 
- Herpetology Notes, 4: 239-246. 


ViEITES, D. R., K. C. WOLLENBERG, F. ANDREONE, J. KOHLER, F. 
GLAW & M. VENCES (2009): Vast underestimation of Mada- 
gascar’s biodiversity evidenced by an integrative amphibian 
inventory. — Proceedings of the National Academy of Sciences 
of the U.S.A., 106: 8267-8272. 


308 


WOLLENBERG, K. C., D. R. VIEITES, F. GLAW & M. VENCES (2011): 
Speciation in little: the role of range and body size in the di- 
versification of Malagasy mantellid frogs. - BMC Evolutionary 
Biology, 11: 217. 


